aIM: Minimally invasive surgical techniques for spine surgery have gained popularity over the last decade. In this study, the authors describe a unilateral dynamic stabilization for unilateral spinal pathologies.
unilateral Dynamic Stabilization for unilateral Lumbar Spinal Pathologies; A new Surgical Concept

Tek Taraflı Lomber Spinal Patolojiler için Tek Taraflı Dinamik Stabilizasyon; Yeni Bir Cerrahi Düşünce
InTRoduCTIon
Unilateral lumbar spinal pathologies, such as the foraminal or extraforaminal disc herniations, spinal stenosis related to facet hypertrophy, and spinal cord tumors (e.g., neurinoma, menengioma), can be treated using a unilateral spinal approach. In these cases, removing one side of the total facet articulation(s), with or without performing a laminectomy, may allow access to the pathology.
Facet joints are diarthroidal synovial joints with cartilage surfaces that provide a low-friction interface to facilitate the limited translation and rotation during the normal range of motion in the functional spinal unit (FSU). The bony parts of the facet support the compressive loads, whereas the facet capsular ligament resists tensile forces that develop across the joint during any normal motion. The facet joint carries an estimated 16-25% of the compressive load (2, 17) .In addition to transmitting the compressive load, the facet joints Bozkus H. et al: Unilateral Dynamic Stabilization also provide torsional stiffness and resistance to shear and translational forces (12, 16) . According to the biomechanical perspective, the one-sided total lumbar facetectomy produces a significant increase in the range of motion (ROM) in flexion and in axial rotation to the opposite side. Hence, a total facetectomy, even when performed unilaterally while preserving the posterior ligaments, may create instability in the lumbar motion segment or FSU (1, 4) . A considerable increase in the angular motion was also observed in the finite element analysis when the facet joint was removed, indicating that the facet joint restricts the torsion movement (11, 19) .
Because of the role of facet articulation, some authors prefer the more stable facet-sparing laminectomy procedure over the combined bilateral facetectomy and laminectomy procedure when spinal canal decompression is needed for the multilevel lumbar spinal segment (5).
The unilateral spinal pedicle screw with fusion has been reported as an option for the treatment of some degenerative processes of the lumbar spine with favorable results (6, 9) . However, the application of unilateral dynamic stabilization has not yet been reported in the literature.
In this study, unilateral dynamic pedicle screw stabilization without fusion is presented as a technical option to avoid possible segmental instability after unilateral facetectomy with or without the laminectomy procedure.
The authors hypothesize that using the dynamic pedicle screws with either rigid or dynamic rod combinations may create adequate stability after unilateral facetectomy. This technique may also reduce adjacent segment degeneration and the complications associated with rigid stabilization techniques.
mATeRIAl and meThodS
The authors performed 7 unilateral total facetectomy procedures with or without laminectomies in the lower thoracic and in the lumbar spine for various pathologies, including disc herniation, facet osteoarthritis, trauma, and tumor.
Four male and three female patients with an average age of 46.1 years (range 21-80 years) were included in this study. There were three cases of foraminal or extraforaminal disc herniations. The remaining cases had one of the following pathologies: a lateral recess stenosis due to facet hypertrophy, a pedicle tumor, an extradural spinal cord tumor, or an extra/ intradural spinal cord tumor. A unilateral one-level total facetectomy was performed in six cases, and a unilateral two-level total facetectomy was performed in the case of the pedicle tumor.
All pedicle screws were hinged-design dynamic pedicle screws (Cosmic (Ulrich, Ulm, Germany) or Safinaz screws, (Medikon AS, Turkey)). The dynamic rod stabilization (Dream Dynamic System, Globalmedics, Auckland, New Zealand) with a dynamic pedicle screw was used as a hybrid model in three cases. The remaining cases were performed using single level stabilization with a rigid rod. The screws were 5.5 or 6.5 mm in diameter and 45, 50, or 55 mm in length. The rods were 5 or 5.5 mm in diameter.
The procedures were performed at various levels of the spine as follows: L3-4 (two cases), L4-5 (one case), L5-S1 (one case), T9-T11 (one case), and T12-L1 (two cases). The left-sided and the right-sided approaches were performed in four and three cases, respectively. The surgical and demographic data of the cases are summarized in Table I .
The quality of life and pain scores of the cases were evaluated with the Oswestry Disability Index (ODI) and the Visual Analog Scale (VAS) preoperatively and at 12 months following the surgery. The operative time, blood loss, and duration of hospital stay were recorded.
All patients underwent preoperative anteroposterior and lateral upright x-rays, magnetic resonance imaging (MRI), and/or computed tomography (CT) examination of the thoracolumbar spine. During the postoperative period, all cases had anteroposterior and lateral upright x-rays of the thoracolumbar spine before discharge from the hospital and at 12 months. All but two of the patients had an MRI or CT examination postoperatively because of their preoperative tumor diagnoses.
CASe IlluSTRATIonS Case no. 2:
The patient is a 33 years old male with a left-sided L4-5 foraminal/extraforaminal disc herniation (Figure 1 A,  B) . The performed surgical procedure was a unilateral leftsided L4-5 total facetectomy and sequestrectomy. Segmental stabilization at L4-5 was achieved using a unilateral dynamic pedicle screw with a rigid rod on the left side (Figure 1 C, D) .
Case no. 6:
The patient is a 21 years old male with an extradural tumor at the level of L3 (Figure 2 A, B) . The performed surgical procedure was a unilateral right-sided L3-4 total facetectomy and an L3 hemilaminectomy for tumor removal. The segmental stabilization at L3-4 was achieved with a unilateral hybrid model. The pathological diagnosis was chondroblastoma (Figure 2 C, D) . During his routine follow up at 12 months, a broken dynamic rod was observed in his lateral upright lumbosacral and dynamic x-rays, and the flaw was characterized as a hardware failure ( Figure 3A-D) . Even though the patient had no complaints at that time, the surgical replacement of the rod was recommended. However, the patient refused to have the procedure performed. He went on to complete the 30-month follow-up without any further setbacks.
Surgical Technique
After induction with general anesthesia, the patient was placed in the prone position on a radiolucent table. A preoperative radiograph was obtained to localize the targeted level for the procedure. To begin the operation, the surgeon made a midline skin incision and created a unilateral fascial opening at the appropriate level. The unilateral paravertebral muscle dissection was completed by conventional means using the monopolar electrocautery. The unilateral facet articulation and lamina were removed by a high-speed bur. After removing the pathologic malformation (disc herniation, tumor, etc.), the unilateral dynamic pedicle screws were placed under fluoroscopic visualization.
The dynamic rod and the dynamic pedicle screw combination were referred to as the hybrid model in this study and was applied in three cases. The patients involved in these three cases were preoperatively diagnosed with extra-medullar tumors, and the pathologies in two of the three patients were localized to the low thoracic level (T10 and T12). In the remaining case, the tumor was localized at the level of L3. No bone fusion material was used during the surgery.
After implantation, the fascia and the skin were closed in the standard fashion.
Statistical Analysis
Clinical parameters (ODI and VAS) were statistically compared between preoperative and postoperative data with the paired t-test.
ReSulTS
The operative time lasted an average of 142.5 minutes (a minimum of 90 minutes and a maximum of 210 minutes). The patients stayed in the hospital an average of 3.5 days (a minimum of 2 days and a maximum of 5 days). There was no surgical drainage of the collection before being discharged from the hospital. There were no infectious agents isolated in the antibiogram test, and the patient recovered without any additional problems. The second postoperative complication (case no. 6) was presented previously in the case illustration section.
dISCuSSIon
The authors of the present study hypothesize that the resection of one side of the total facet articulation causes an unstable condition and requires a fortifying procedure unless surrounded by osteophytic spurs that would provide a significant blood loss recorded during the procedures, and there was no need for blood transfusion during hospitalization.
The preoperative average ODI was 73.14 (range 62-94), and the average VAS was 8.14 (range 7-10). The postoperative ODI was 10.6 (range 0-16), and the average VAS was 1 (range 0-2). Twelve months after the surgery, the average ODI and VAS assessments decreased significantly compared to the preoperative scores. (p< 0.01, Table II) There were two postoperative complications. The patient with an extra/intradural neurinoma (case no. 5) developed a wound collection after the procedure, which required Biomechanical studies on unilateral rigid pedicle screw stabilization have reported that this type of stabilization has less rigidity than bilateral rigid pedicle screw stabilization (7, 18) . However, these studies do not account for the effect on the paravertebral muscles.
The hardware failure (14%) present in this study may not reflect the actual rate of this type of postsurgical complication due to the limited number of patients analyzed. This failure can be explained by the mechanical behavior of simple beam bending test. Normally, both rigid and dynamic rods are composed of homogeneous material, and the force imposed at one end is translated as an equal and opposite force at the other end of the rod. Moreover, the fixed relationship between stress and strain for the beam material is the same for both tension and compression. (σ= E.e), [(σ; stress), (E; Young's Modulus, Elastic Modulus), (e; Strain)]. Because of the lower E value associated with the dynamic rod, this rod may be prone to failure when used unilaterally.
The failed hardware was a hybrid model applied at the level of L3-4, where the segmental motion may be caused by the additional multidirectional stress imposed on the dynamic rod. The other hybrid models were located at less mobile segments of the spine (one was located at T12-L1 and the other was located at T9-11), and no hardware failures occurred at these sites. Further biomechanical and clinical investigations are needed in order to determine the proper localization for the use of the unilateral hybrid model stabilization.
The small number of cases included and the short follow-up duration limit the analysis presented here. Further radiological study is needed to evaluate the contralateral facet articulation for long-term follow up.
ConCluSIon
The present study suggests that if unilateral facetectomy (or facetectomies) is used for the treatment of unilateral spinal pathologies, the stabilization can be achieved with a unilateral dynamic pedicle screw and a rigid or dynamic rod. The advantages include reduction in operative time, a more cost effective approach, and the adequate stabilization of the involved FSU.
stabilizing effect. In contrast to solid stabilization techniques, the non-fusion systems maintain intersegmental motions and reduce adjacent segment degeneration and the complications associated with bone fusion (3, 13, 14) .
In the present study, all cases underwent a unilateral facetectomy (or facetectomies) with or without a hemilaminectomy (or hemilaminectomies) for unilateral spinal pathology. The soft tissues, intervertebral disc tissues, and interspinous and supraspinous ligaments of the contralateral side remained intact. The advantages of the unilateral pedicle stabilization are as follows: the onesided paravertebral muscle dissection is sufficient for this procedure; there is no risk for post-surgical late atrophy of the contralateral paravertebral muscle; the operative time and the duration of the hospital stay are reduced; the procedure is more cost effective than the bilateral stabilization alternative; and, by eliminating the need for the contralateral pedicle screw implantation, the risk for complications is reduced.
A limited number of lumbar facet replacement systems have been mentioned in the literature. At this moment, there is no preferred technique (8, 15, 20) . The stabilization method in this study was chosen to achieve "adequate stabilization but not overt stabilization" after a unilateral facetectomy (or facetectomies) using a minimally invasive surgical approach. The described stabilization herein may act as unilateral facet replacement system in patients with unilateral facetectomy (or facetectomies) performed.
The clinical results of both unilateral and bilateral pedicle screw stabilization with fusion have been documented in the literature. However, there is no significant difference between the benefits gained by patients after either procedure. Unilateral pedicle screw stabilization with bone fusion is a treatment option for lumbar spondylosis and spondylolisthesis (6, 9, 10) . Although there is no data available that compares the unilateral facetectomy (facetectomies) with bilateral dynamic pedicle screw stabilization or unilateral dynamic pedicle screw, the results of the ODI and VAS scores at the early follow up of the present study suggest that the unilateral dynamic stabilization after a unilateral facetectomy (facetectomies) is the treatment of choice. However, the small number of patients is making it difficult to make a statistical evaluation. 
